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O

UT-OF-HOSPITAL CARDIAC

arrest (OHCA) is a major
public health problem, occurring in 375 000 to
390 000 individuals in the United States
each year.1 The rate of survival after
OHCA has increased with advances in
care via initiatives such as the American Heart Association’s 5-step Chain of
Survival.2 However, the rate is still low,
with recent estimates reporting 8% to
10%.3-5 Better survival has been associated with the improvement in early
access to emergency medical care, early
cardiopulmonary resuscitation (CPR),
rapid defibrillation, and integrated post–
cardiac arrest care.6 Early advanced life
support is often considered of benefit
in that it provides intravenous drug
therapy and advanced airway management.6
Although advanced airway management, such as endotracheal intubation or insertion of supraglottic airways, has long been the criterion
standard for airway management of patients with OHCA,7 recent studies have
challenged the survival benefit of advanced airway management compared with conventional bag-valvemask ventilation in this clinical
For editorial comment see p 285.

Importance It is unclear whether advanced airway management such as endotracheal intubation or use of supraglottic airway devices in the prehospital setting improves outcomes following out-of-hospital cardiac arrest (OHCA) compared with conventional bag-valve-mask ventilation.
Objective To test the hypothesis that prehospital advanced airway management is
associated with favorable outcome after adult OHCA.
Design, Setting, and Participants Prospective, nationwide, population-based study
(All-Japan Utstein Registry) involving 649 654 consecutive adult patients in Japan who
had an OHCA and in whom resuscitation was attempted by emergency responders with
subsequent transport to medical institutions from January 2005 through December 2010.
Main Outcome Measures Favorable neurological outcome 1 month after an OHCA,
defined as cerebral performance category 1 or 2.
Results Of the eligible 649 359 patients with OHCA, 367 837 (57%) underwent bagvalve-mask ventilation and 281 522 (43%) advanced airway management, including
41 972 (6%) with endotracheal intubation and 239 550 (37%) with use of supraglottic airways. In the full cohort, the advanced airway group incurred a lower rate of favorable neurological outcome compared with the bag-valve-mask group (1.1% vs 2.9%;
odds ratio [OR], 0.38; 95% CI, 0.36-0.39). In multivariable logistic regression, advanced airway management had an OR for favorable neurological outcome of 0.38
(95% CI, 0.37-0.40) after adjusting for age, sex, etiology of arrest, first documented
rhythm, witnessed status, type of bystander cardiopulmonary resuscitation, use of public access automated external defibrillator, epinephrine administration, and time intervals. Similarly, the odds of neurologically favorable survival were significantly lower
both for endotracheal intubation (adjusted OR, 0.41; 95% CI, 0.37-0.45) and for supraglottic airways (adjusted OR, 0.38; 95% CI, 0.36-0.40). In a propensity score–
matched cohort (357 228 patients), the adjusted odds of neurologically favorable survival were significantly lower both for endotracheal intubation (adjusted OR, 0.45;
95% CI, 0.37-0.55) and for use of supraglottic airways (adjusted OR, 0.36; 95% CI,
0.33-0.39). Both endotracheal intubation and use of supraglottic airways were similarly associated with decreased odds of neurologically favorable survival.
Conclusion and Relevance Among adult patients with OHCA, any type of advanced airway management was independently associated with decreased odds of neurologically favorable survival compared with conventional bag-valve-mask ventilation.
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setting.8-14 However, large-scale studies evaluating the association between
advanced airway management and patient-centered outcomes such as neurological status do not exist. Thus,
whether prehospital advanced airway
management by emergency medical service (EMS) personnel increases or decreases the rate of favorable neurological outcome among adults with OHCA
remains to be determined.15,16
The purpose of the current study was
to examine whether CPR with any type
of out-of-hospital advanced airway
management by EMS personnel, compared with CPR with conventional bagvalve-mask ventilation, would be associated with favorable neurological
outcome in adult OHCA. In addition,
we postulated that both advanced airway techniques (endotracheal intubation or use of supraglottic airways)
would be similarly associated with favorable neurological outcome after
OHCA.
METHODS
Study Design and Participants

The All-Japan Utstein Registry of the
Fire and Disaster Management Agency
(FDMA) is a prospective, nationwide,
population-based registry system of
OHCA in adults and children, with Utstein-style data collection.17 This study
enrolled all adults aged 18 years or older
who had had OHCA and for whom resuscitation was attempted by EMS personnel with subsequent transport to
medical institutions from January 1,
2005, to December 31, 2010. Patients
were excluded from the analysis if outof-hospital airway management or age
was not documented. Cardiac arrest was
defined as the end of cardiac mechanical activity determined by the absence
of signs of circulation.17-19 The ethics
committees of Kinki University Faculty of Medicine and Massachusetts
General Hospital approved the study
with a waiver of informed consent.
Study Setting

The population of Japan was roughly
128 million in 2010, with approximately 107 million people aged 18
258

years or older.20 The EMS system in
Japan has been described previously.21 Briefly, in Japan, municipal
governments provided EMS through
802 fire stations with dispatch centers. All EMS personnel performed
CPR according to the Japanese CPR
guidelines, which are based on the
American Heart Association and the
International Liaison Committee on
Resuscitation.2,22,23 In most cases, an
ambulance crew consisted of 3 EMS
personnel, including at least 1 emergency lifesaving technician who had
completed extensive training. These
technicians were authorized to insert
an intravenous line, to use semiautomated external defibrillators, and to
lead CPR. In 1991, emergency lifesaving technicians were also permitted to use supraglottic airway devices
(laryngeal mask airway, laryngeal
tube, and esophageal-tracheal twinlumen airway device) for patients
with OHCA under medical control
direction.21 Beginning in 2004, endotracheal intubation could be performed by specially trained emergency lifesaving technicians who had
completed an additional 62 hours of
training sessions and performed 30
supervised successful intubations in
operating rooms.24
Under medical control direction in
the placement of an advanced airway
device, the choice of either endotracheal intubation or supraglottic airway was at the discretion of each specially trained emergency lifesaving
technician. Advanced airway management was performed, with efforts limited to a total of 2 attempts, after
checking initial rhythm and using
defibrillation when appropriate, along
with chest compression and bagvalve-mask ventilation. Advanced airway device placement with successful
ventilation was confirmed by an
esophageal detection device and/or an
end-tidal carbon dioxide monitor
(quantitative or colorimetric).24 The
performance of CPR including prehospital advanced airway management was reviewed by local medical
control committees.
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Data Collection
and Quality Control

Data were collected prospectively with
an Utstein-style data form that included sex, age, etiology of arrest, bystander witness status, first documented cardiac rhythm, presence and
type of CPR by bystander, administration of epinephrine by EMS personnel, and technique of airway management. A series of EMS times of call
receipt, vehicle arrival at the scene, contact with patients, initiation of CPR, and
hospital arrival were recorded based on
the clock used by each EMS system.
Outcome measures included return of
spontaneous circulation before hospital arrival, 1-month survival, and neurological status 1 month after the event.
To collect 1-month follow up data, the
EMS personnel in charge of each patient with OHCA queried the medical
control director at the hospital. Patient neurological status was determined by the treating physician; the
EMS received a written response. If the
patient was not at the hospital, the EMS
personnel conducted a follow-up
search.
Data forms were completed by the
EMS personnel caring for the patients,
and the data were integrated into the
Utstein registry system on the FDMA
database server. Forms were logically
checked by the computer system and
were confirmed by the FDMA. If the
data form was incomplete, the FDMA
returned it to the respective fire station and the data were reconfirmed.
Study End Points

The primary end point was favorable
neurological outcome 1 month after
cardiac arrest, defined a priori as
Glasgow-Pittsburgh cerebral performance category 1 (good performance) or 2 (moderate disability).17
The other categories—3 (severe cerebral disability), 4 (vegetative state),
and 5 (death)—were regarded as
unfavorable neurological outcomes.17
Secondary outcome measures were
return of spontaneous circulation
before hospital arrival and 1-month
survival.
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Statistical Analysis

We compared outcomes between any
advanced airway management and bagvalve-mask ventilation for all adult
OHCA. Then, we compared outcomes
between either advanced airway technique (endotracheal intubation or supraglottic airways) and bag-valvemask ventilation. With the full cohort,
3 unconditional logistic regression
models (unadjusted, adjusted for selected variables, and adjusted for all covariates) were fit using each of the 3 end
points as a dependent variable. A set of
potential confounders was chosen a
priori based on biological plausibility
and a priori knowledge. These selected variables included age, sex, cause
of cardiac arrest, first documented
rhythm, witnessed status, type of bystander CPR, use of a public access automated external defibrillator, epinephrine administration, and time intervals
from receipt of call to CPR by EMS and
from receipt of call to hospital arrival.
All covariates included the selected variables above and year, lifesaving technician presence, physician presence in
ambulance, defibrillation by EMS personnel, insertion of intravenous line,
and prefecture.
Our data derive from 367 837 patients who underwent bag-valve-mask
ventilation and 281 522 who underwent advanced airway management. On
the assumption of an incidence of 3.0%
favorable neurological outcomes in the
bag-valve-mask group, the study has
90% power to detect a difference as
small as 0.16% between the groups for
the primary outcome with a 2-sided significance level of P⬍.05.
Prehospital advanced airway management was not randomly assigned in
the study population; therefore, we used
a propensity score approach to condition on potential selection bias and confounding. With a multivariable logistic regression model that did not take
end points into account, we computed the propensity score, which represented the probability that a patient
with cardiac arrest would undergo prehospital advanced airway management. Specifically, a full nonparsimo-

nious model was fit with advanced
airway management as the dependent
variable, which included the variables
in TABLE 1 in addition to dummy vari-

ables for the 47 prefectures in Japan as
the independent variables. To maximize the efficacy of propensity score
matching, missing values for categori-

Table 1. Out-of-Hospital Cardiac Arrest Population Baseline Characteristics According to
Airway Management a
No. (%)

Characteristics
Patients per year
2005
2006
2007
2008
2009
2010
Age, mean (SD), y
Male sex
Etiology of cardiac arrest
Cardiac
Noncardiac
External causes b
Respiratory disease

Advanced Airway
Management
(n = 281 522)

Bag-Valve-Mask
Ventilation
(n = 367 837)

44 503 (15.8)
47 568 (16.9)
46 398 (16.5)
46 479 (16.5)
47 244 (16.8)
49 325 (17.5)
73.2 (15.5)
167 094 (59.4)

55 988 (15.2)
55 940 (15.2)
57 404 (15.6)
63 617 (17.3)
64 924 (17.7)
69 951 (19.0)
72.7 (16.9)
213 071 (57.9)

165 310 (58.7)
116 212 (41.3)
46 315 (16.5)
15 557 (5.5)

194 423 (52.9)
173 414 (47.1)
70 693 (19.2)
22 382 (6.1)

13 960 (5.0)
7095 (2.5)
33 285 (11.8)

17 522 (4.8)
14 824 (4.0)
47 993 (13.0)

21 867 (7.8)
259 655 (92.2)

26 366 (7.2)
341 471 (92.8)

159 014 (58.1)
100 647 (36.8)
14 227 (5.2)

208 689 (58.1)
111 992 (31.2)
38 666 (10.8)

160 622 (58.0)
76 562 (27.7)
39 567 (14.3)
1299 (0.5)

234 811 (64.7)
85 971 (23.7)
42 396 (11.7)
1998 (0.6)

279 954 (99.5)

333 151 (90.6)

6754 (2.4)
33 016 (11.8)
29 515 (10.6)
102 586 (36.5)

10 269 (2.8)
36 937 (10.1)
10 709 (2.9)
38 132 (10.4)

8 (7-11)

9 (7-12)

Time from call to hospital arrival,
median (IQR), min

32 (26-39)

28 (23-36)

Time from CPR by emergency responder
to ROSC, median (IQR), min d

14 (8-20)

6 (3-12)

Cerebrovascular disease
Malignant tumor
Other
Initial cardiac rhythm
Ventricular fibrillation or tachycardia
Pulseless electrical activity/asystole
Bystander witness status c
No witness
Layperson
Health care practitioner
CPR by bystander
No bystander CPR
Compression-only CPR
Conventional CPR
Use of public-access AED by bystander
CPR by emergency responder
Emergency lifesaving technician
present in ambulance
Physician present in ambulance
Defibrillation by emergency responder
Epinephrine administered
Insertion of intravenous line
Time from call to CPR by emergency
responder, median (IQR), min

Abbreviations: AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; IQR, interquartile range; ROSC,
return of spontaneous circulation.
a Data are expressed as No. (%) of population unless otherwise indicated. All baseline characteristic comparisons between
the 2 groups were statistically significant at P⬍.001.
b Defined as cardiac arrest due to trauma, hanging, drowning, intoxication, or asphyxia.
c Percentages do not sum to 100 because of missing data.
d Calculated for cases with ROSC.
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Figure 1. Study Participant Selection
106 630 168 Population aged ≥18 y in
Japan in 2010

658 829 Out-of-hospital cardiac arrests in
adults aged ≥18 y occurred from
1/1/2005 to 12/31/2010

9175 Excluded (no resuscitation attempted)

649 654 Had resuscitation attempted

295 Excluded (airway management
status unknown)

649 359 Included in analysis

367 837 Received bag-valve-mask
ventilation

cal variables included in the propensity score model (bystander witness status, bystander CPR, use of a public
access automated external defibrillator, use of epinephrine, defibrillation
by EMS, and insertion of intravenous
line) were dummy coded using the
missing indicator method (eTable 1;
available at http://www.jama.com).
Using the match algorithm by Parsons,25 based on propensity score, a subgroup of patients with cardiac arrest requiring advanced airway management
were matched with unique control patients who underwent bag-valve-mask
ventilation. Then, 3 conditional logistic regression models (unadjusted, adjusted for selected variables, and adjusted for all covariates) were fit with
each of the 3 end points as a dependent variable.
All statistical analyses were performed with SAS statistical software,
version 9.3 (SAS Institute Inc). All statistical tests were 2-tailed. The chosen
type 1 error rate was P⬍.05, except
when testing the subgroup of patients
with endotracheal intubation or supraglottic airways for which a Bonferroni
adjustment for multiplicity was used
(P⬍.025).
260

281 522 Received advanced airway
management
41 972 Received endotracheal
intubation
239 550 Received supraglottic
airways

RESULTS
A total of 658 829 adult patients with
OHCA were documented. Among
649 654 resuscitation attempts, 295 arrests with unknown airway management status were excluded (FIGURE 1).
Of the remaining 649 359 patients,
367 837 (56.7%; 95% CI, 56.5%56.8%) underwent bag-valve-mask and
281 522 (43.4%; 95% CI, 43.2%43.5%) underwent advanced airway
management, including 41 972 (6.5%;
95% CI, 6.4%-6.5%) with endotracheal intubation and 239 550 (36.9%;
95% CI, 36.8%-37.0%) with supraglottic airways.
Table 1 shows the demographic characteristics for adult OHCA by type of
airway management. The mean age of
all patients was 73 years; the majority
were male. TABLE 2 summarizes survival outcomes by airway management among all patients. Overall, rates
of return of spontaneous circulation,
1-month survival, and neurologically favorable survival were 6.5% (95% CI,
6.5%-6.6%), 4.7% (95% CI, 4.7%4.8%), and 2.2% (95% CI, 2.1%2.2%), respectively. The rates of neurologically favorable survival were 1.0%
(95% CI, 0.9%-1.1%) in the endotra-
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cheal intubation group, 1.1% (95% CI,
1.1%-1.2%) in the supraglottic airway
group, and 2.9% (95% CI, 2.9%-3.0%)
in the bag-valve-mask ventilation group.
The unadjusted model using the full cohort demonstrated significant negative associations between any advanced airway management and the 3
end-point measures (P ⬍ .001 for all)
(Table 2). Similarly, in the adjusted
model using the selected variables and
all variables, both advanced airway techniques (endotracheal intubation and supraglottic airways) were independent
negative predictor of all 3 outcomes
(P ⬍ .001for all; Table 2).
To assess the robustness of the results, we performed a series of sensitivity analyses (TABLE 3). First, in an
analysis of patients lost to follow-up,
when assuming that all missing patients in the bag-valve-mask group
(n = 444) had an unfavorable neurological outcome and all missing patients in the advanced airway group
(n=366) had a favorable outcome, advanced airway management was still a
significant negative predictor of favorable neurological outcome after adjusting for selected variables (adjusted odds
ratio [OR], 0.43; 95% CI, 0.42-0.45).
When adjusting for achievement of return of spontaneous circulation in addition to the selected variables, the adjusted association of endotracheal
intubation and supraglottic airways
with poor neurological outcome persisted (OR, 0.51 [95% CI, 0.45-0.56]
and OR, 0.52 [95% CI, 0.49-0.54], respectively) (Table 3). Similarly, the adjusted association persisted with stratification by achievement of return of
spontaneous circulation, etiology of cardiac arrest, first documented rhythm,
and type of witness status (Table 3).
Demographic characteristics were
similar between the propensitymatched groups (TABLE 4). FIGURE 2
and eTable 2 summarize survival outcomes by airway management among
propensity-matched patients. The unadjusted model showed significant
negative associations between advanced airway management, regardless of its technique, and the 3 end-
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point measures (P⬍.001 for all). In the
multivariable models using selected and
all variables, significant negative associations were detected between any type
of advanced airway management and
the 3 outcome measures (Figure 2). In
particular, the adjusted OR for neurologically favorable survival was 0.45
(95% CI, 0.37-0.55; P ⬍.001) for endotracheal intubation and 0.36 (95% CI,
0.33-0.39; P⬍.001) for supraglottic airways compared with bag-valve-mask
ventilation after controlling for the selected variables.
COMMENT
In this nationwide population-based cohort study of patients with OHCA, we
found that CPR with advanced airway
management was a significant predic-

tor of poor neurological outcome compared with conventional bag-valvemask ventilation. Unlike an earlier
study that was underpowered to identify this clinically important association,11 our study was sufficiently large
to clearly demonstrate the negative association between advanced airway
management and neurologically favorable survival after cardiac arrest. Furthermore, both endotracheal intubation and supraglottic airways were
similarly associated with a decreased
chance of favorable neurological outcome. The observed associations were
large and persisted across different analytic assumptions.
Our clinical data are consistent with
findings from several studies in trauma
and pediatric patients.7,8 These stud-

ies have suggested that prehospital endotracheal intubation may lead to a decreased rate of favorable neurological
outcome, and only a few studies have
demonstrated benefit from endotracheal intubation.7 Additionally, several studies of OHCA have demonstrated the association between
endotracheal intubation and decreased survival to hospital discharge. 9 , 1 0 , 1 3 An important unanswered question regards the mechanism
connecting endotracheal intubation
with poor outcomes. It has been well
documented that prehospital intubation is a complex psychomotor task and
that EMS personnel have difficulty gaining and maintaining competency in this
skill.7 Endotracheal intubation by unskilled practitioners can produce ad-

Table 2. Unconditional Logistic Regression Analyses for Outcomes Comparing Prehospital Advanced Airway Management vs Bag-Valve-Mask
Ventilation
Advanced Airway Management
Overall

Total

Total
No. of
Patients
649 359

Bag-Valve-Mask
Ventilation,
No. (%)
367 837 (56.7)

Return of spontaneous
circulation
Unadjusted

649 326

25 904 (7.0)

Model

Adjusted for
selected
variables b
Adjusted for all
variables c
One-month survival
Unadjusted

649 350

19 643 (5.3)

No. (%)
281 522
(43.4)

16 299
(5.8)

10 933
(3.9)

Adjusted for
selected
variables b
Adjusted for all
variables c
Neurologically
favorable survival
Unadjusted

648 549

10 759 (2.9)

OR (95% CI) vs
Bag-Valve-Mask a

3156
(1.1)

Adjusted for
selected
variables b
Adjusted for all
variables c

Endotracheal Intubation
No. (%)

OR (95% CI) vs
Bag-Valve-Mask a

41 972
(6.5)

0.81 (0.79-0.83)

3514
(8.4)

Supraglottic Airway
No. (%)

OR (95% CI) vs
Bag-Valve-Mask a

239 550
(36.9)

1.21 (1.16-1.25)

12 785
(5.3)

0.74 (0.73-0.76)

0.67 (0.66-0.69)

0.86 (0.82-0.89)

0.64 (0.62-0.65)

0.57 (0.56-0.58)

0.73 (0.70-0.77)

0.54 (0.52-0.55)

0.72 (0.70-0.73)

1757
(4.2)

0.77 (0.74-0.81)

9176
(3.8)

0.71 (0.69-0.72)

0.73 (0.71-0.75)

0.83 (0.79-0.88)

0.72 (0.70-0.74)

0.62 (0.60-0.64)

0.69 (0.65-0.73)

0.61 (0.59-0.63)

0.38 (0.36-0.39)

432
(1.0)

0.35 (0.31-0.38)

2724
(1.1)

0.38 (0.37-0.40)

0.38 (0.37-0.40)

0.41 (0.37-0.45)

0.38 (0.36-0.40)

0.32 (0.30-0.33)

0.32 (0.29-0.36)

0.32 (0.30-0.33)

Abbreviation: OR, odds ratio.
a P⬍.001 for all.
b Selected variables are a predefined set of potential confounders including age, sex, cause of cardiac arrest, first documented rhythm, bystander witness, type of cardiopulmonary
resuscitation (CPR) initiated by bystander, use of a public access automated external defibrillator by bystander, epinephrine administration, time from receipt of call to CPR by emergency medical service, and time from receipt of call to hospital arrival.
c Adjustment for all variables included in Table 1 and dummy variables for the 47 prefectures in Japan.
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verse events, such as unrecognized
esophageal intubation, tube dislodgement, iatrogenic hypoxemia, and bradycardia.26 Furthermore, prehospital intubation may influence patient outcome
by affecting the execution of simultaneous basic life support procedures, resulting in ineffective chest compressions with significant interruptions.7
Most studies of prehospital airway
management using supraglottic airways have focused on process measures, such as success rates and speed
of placement. Most of these found
higher success rates and faster placement for the supraglottic airways.27-29
From a physiological perspective, one

might expect this to translate into better outcomes because of fewer interruptions of chest compressions. However, we observed that not only
endotracheal intubation but also
supraglottic airways were independently associated with a lower rate of
neurologically favorable survival. Our
finding is consistent with a recent
study that failed to demonstrate a survival advantage with supraglottic airways in patients with OHCA. 1 2
Assuming the validity of our study, a
more secure airway, regardless of its
technique, would be detrimental. Previous studies have shown that
inadvertent hyperventilation after

advanced airway management can
cause increased intrathoracic pressure,
leading to decreased coronary and
cerebral perfusion pressure among
intubated patients with OHCA. 30,31
The literature has also reported that
hyperoxia among patients following
resuscitation from cardiac arrest was
associated with increased mortality. 32,33 These unanticipated physiologic effects may offset the potential
benefits of proper advanced airway
management.
High-quality prospective clinical
trials of prehospital airway management would be instrumental in revealing causality between airway manage-

Table 3. Sensitivity and Stratified Analyses of Multivariable Associations With Neurologically Favorable Survival and Airway Management in
the Total Patient Population a
Advanced Airway Management
Overall
Total
No. of
Patients

Model
Sensitivity analysis
Including loss to
649 359
follow-up
Adjusted for
648 517
ROSC c
Stratification by
achievement of
ROSC prior to
hospital arrival
42 203
ROSC d
No ROSC
607 123
Stratification by
etiology
Cardiac origin
359 733
Noncardiac
289 626
origin
Stratification by initial
rhythm
Ventricular
48 233
fibrillation
or ventricular
tachycardia
Pulseless
601 126
electrical
activity/asystole
Stratification by witness
status
Not witnessed
Witnessed by
layperson
Witnessed by
EMS

Bag-Valve-Mask
Ventilation,
No. (%)

No. (%)

Endotracheal Intubation

OR (95% CI) vs
Bag-Valve-Mask b

No. (%)

OR (95% CI) vs
Bag-Valve-Mask b

Supraglottic Airway
No. (%)

OR (95% CI) vs
Bag-Valve-Mask b

10 759 (2.9)

3522 (1.3)

0.43 (0.42-0.45)

457 (1.1)

0.44 (0.39-0.48) 3065 (1.3)

0.43 (0.41-0.45)

10 759 (2.9)

3156 (1.1)

0.51 (0.45-0.56)

432 (1.0)

0.51 (0.45-0.56) 2724 (1.1)

0.52 (0.49-0.54)

8660 (33.5) 2184 (13.4)
2098 (0.6)
969 (0.4)

0.61 (0.57-0.65)
0.65 (0.60-0.71)

297 (8.5)
134 (0.4)

0.65 (0.57-0.75) 1887 (14.5)
0.71 (0.59-0.85) 835 (0.4)

0.60 (0.56-0.64)
0.65 (0.59-0.70)

8199 (4.2)
2560 (1.5)

2410 (1.5)
746 (0.6)

0.36 (0.34-0.38)
0.46 (0.42-0.50)

293 (1.3)
139 (0.7)

0.36 (0.32-0.41) 2117 (1.5)
0.51 (0.43-0.61) 607 (0.6)

0.36 (0.34-0.38)
0.45 (0.41-0.49)

5296 (20.1) 1697 (7.8)

0.36 (0.34-0.39)

189 (6.6)

0.34 (0.29-0.40) 1508 (8.0)

0.37 (0.34-0.39)

5463 (1.6)

1459 (0.6)

0.40 (0.38-0.43)

243 (0.6)

0.47 (0.42-0.54) 1216 (0.6)

0.39 (0.37-0.42)

367 363
212 639

1635 (0.8)
5690 (5.1)

665 (0.4)
2068 (2.0)

0.49 (0.44-0.53)
0.39 (0.37-0.41)

80 (0.4)
303 (1.8)

0.47 (0.37-0.59) 585 (0.4)
0.43 (0.38-0.49) 1765 (2.1)

0.49 (0.44-0.54)
0.38 (0.36-0.43)

52 893

3383 (8.8)

383 (2.7)

0.29 (0.26-0.32)

43 (2.3)

0.27 (0.20-0.37)

0.29 (0.26-0.33)

340 (2.8)

Abbreviations: EMS, emergency medical service; OR, odds ratio; ROSC, return of spontaneous circulation.
a Unconditional logistic regression models adjusted for selected variables including age, sex, cause of cardiac arrest, first documented rhythm, bystander witness, type of cardiopulmonary resuscitation (CPR) initiated by bystander, use of a public access automated external defibrillator by bystander, epinephrine administration, time from receipt of call to CPR by EMS,
and time from receipt of call to hospital arrival.
b P⬍.001 for all.
c Adjusted for achievement of ROSC in addition to the above selected variables.
d Adjusted for time from cardiopulmonary resuscitation by EMS to ROSC in addition to the above selected variables.
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ment and outcomes. However, such
trials are logistically and methodologically difficult in this clinical setting.26,34 Additionally, as trials are often designed to address specific
questions in select groups, the characteristics of trial populations may differ
significantly from those of the general
population. As an alternative, our prospective nationwide cohort data reflect the effectiveness of prehospital airway management in the natural setting
of a “real” population and current clinical practice, therefore enhancing the potential generalizability of the findings.
In addition, multiple studies arrived at
similar conclusions despite differing
populations, disease groups, and designs.7-10,12,13 There are plausible mechanisms to support this conclusion. Thus,
our data lend significant support to the
concept that prehospital intubation and
its alternatives are less effective, or even
harmful, than was previously believed.
Should clinicians avoid advanced airway management during CPR based on
the best available observational evidence? Although one option would be
to remove advanced airway management from the skill set of all out-ofhospital rescuers, that approach would
disregard situations in which advanced airway management would be
expected to be efficacious, especially for
long-distance transfers and respiratory failure not yet with cardiac arrest.35 Future research will need to identify whether there are subsets of patients
for whom prehospital advanced airway management is beneficial. In addition, as observational studies cannot establish causal relationships in the
way that randomized trials can, a rigorously conducted and adequately powered clinical trial evaluating this criterion standard in patients with OHCA
now seems timely and necessary. While
awaiting results of such a trial, we believe that decision makers for communities and national organizations should
rethink the approach to prehospital airway management and need to invest
more resources in optimizing the first
3 links in the chain of survival for the

promotion of better outcomes among
patients with OHCA.
This study has several limitations.
First, as with any observational study,
the negative association between any
type of out-of-hospital advanced airway management and favorable neurological outcome does not necessarily prove causality and might be
confounded by unmeasured factors. Despite a rigorous adjustment for confounding factors with a propensity
score–matched analysis, there are other

variables that may have contributed for
which our study was unable to control or that were not collected a priori.
Examples of potential confounding
variables include rural or urban distinction, location of cardiac arrest, time
interval from cardiac arrest onset to
CPR among unwitnessed cardiac arrests, individual rescuer training levels, hospital-level variables, and
postresuscitation care such as induced hypothermia therapy. Additionally, one might surmise that patients

Table 4. Baseline Characteristics of Propensity-Matched Patients With Out-of-Hospital
Cardiac Arrest According to Airway Management
No. (%) a

Characteristics
Patients per year
2005
2006
2007
2008
2009
2010
Age, mean (SD), y
Male sex
Etiology of cardiac arrest
Cardiac
Noncardiac
Initial cardiac rhythm
Ventricular fibrillation or tachycardia
Pulseless electrical activity/asystole
Bystander witness status b
No witness
Layperson
Health care practitioner
CPR by bystander b
No bystander CPR
Compression-only CPR
Conventional CPR
Use of public access AED by bystander
CPR by emergency responder
Emergency lifesaving technician
present in ambulance
Physician present in ambulance
Defibrillation by emergency responder
Epinephrine administered
Insertion of intravenous line
Time from call to CPR by emergency
responder, median (IQR), min
Time from call to hospital arrival,
median (IQR), min

Advanced Airway
Management
(n = 178 614)

Bag-Valve-Mask
Ventilation
(n = 178 614)

27 058 (15.1)
28 002 (15.7)
28 448 (15.9)
30 771 (17.2)
31 294 (17.5)
33 041 (18.5)
72.9 (15.8)
104 427 (58.5)

27 795 (15.6)
28 367 (15.9)
28 494 (16.0)
30 284 (17.0)
30 784 (17.2)
32 892 (18.4)
72.9 (16.8)
104 575 (58.5)

99 383 (55.6)
79 231 (44.4)

99 586 (55.8)
79 028 (44.2)

13 519 (7.6)
165 095 (92.4)

13 557 (7.6)
165 057 (92.4)

102 437 (57.4)
60 143 (33.7)
11 704 (6.6)

102 435 (57.3)
60 581 (33.9)
11 149 (6.2)

106 591 (59.7)
46 814 (26.2)
22 850 (12.8)
921 (0.5)

105 753 (59.2)
47 290 (26.5)
23 224 (13.0)
924 (0.5)

177 076 (99.1)

178 316 (99.3)

4772 (2.7)
19 509 (10.9)

4581 (2.6)
19 584 (11.0)

10 159 (5.7)
37 602 (21.1)
8 (7-11)

9744 (5.5)
36 051 (20.2)
8 (7-11)

31 (25-38)

29 (23-37)

Abbreviations: AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; IQR, interquartile range.
a Data are expressed as No. (%) of population unless otherwise indicated.
b Percentages do not sum to 100 because of missing data.
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with return of spontaneous circulation prior to any airway management
would have subsequently received bagvalve-mask ventilation rather than advanced airway management. These patients may have had neurologically
favorable survival more frequently because of early return of spontaneous circulation rather than choice of airway
management. However, the subgroup
analysis limited to patients who

achieved return of spontaneous circulation prior to hospital arrival demonstrated that advanced airway management, regardless of its type, still
remained a significant negative predictor for the outcome even after adjusting for time interval from CPR to return of spontaneous circulation.
Similarly, in the subgroup analysis of
patients who did not achieve return of
spontaneous circulation, the adjusted

association of advanced airway management with poor neurological outcome persisted. Both suggest that this
choice of airway management is the important variable.
Our study is also limited by the absence of information regarding the process of intubation. Indeed, up to 20%
of out-of-hospital tracheal intubation efforts may fail.36 However, we defined
advanced airway management as suc-

Figure 2. Results of Conditional Logistic Regression Models Using One of the End Points as a Dependent Variable With Propensity-Matched
Patients
A Endotracheal intubation vs bag-valve-mask ventilation
No. (%)

Model
Total
Return of spontaneous circulation
Unadjusted
Adjusted for selected variables b
Adjusted for all variables c
1-month survival
Unadjusted
Adjusted for selected variables b
Adjusted for all variables c
Neurologically favorable survival
Unadjusted
Adjusted for selected variables b
Adjusted for all variables c

Total No.
of Patients

Endotracheal
Intubation
26 013 (7.3)

Bag-Valve-Mask
Ventilation
178 614 (50.0)

Favors
Bag-Valve-Mask
Ventilation

Odds Ratio
(95% CI) a

357 228

1734 (6.7)

14 824 (8.3)

0.76 (0.71-0.81)
0.66 (0.61-0.72)
0.64 (0.58-0.70)

357 228

1069 (4.1)

10 373 (5.8)

0.70 (0.65-0.76)
0.87 (0.79-0.97)
0.88 (0.79-0.98)

357 228

257 (1.0)

5799 (3.2)

0.31 (0.27-0.35)
0.45 (0.37-0.55)
0.42 (0.34-0.53)
0.1

Favors
Endotracheal
Intubation

1.0

5

Odds Ratio (95% CI)

B Supraglottic airway vs bag-valve-mask ventilation
No. (%)

Model
Total
Return of spontaneous circulation
Unadjusted
Adjusted for selected variables b
Adjusted for all variables c
1-month survival
Unadjusted
Adjusted for selected variables b
Adjusted for all variables c
Neurologically favorable survival
Unadjusted
Adjusted for selected variables b
Adjusted for all variables c

Total No.
of Patients

Supraglottic
Airway
152 601 (42.7)

Bag-Valve-Mask
Ventilation
178 614 (50.0)

Favors
Bag-Valve-Mask
Ventilation

Odds Ratio
(95% CI) a

357 228

6933 (4.5)

14 824 (8.3)

0.53 (0.51-0.54)
0.54 (0.52-0.56)
0.54 (0.52-0.56)

357 228

5718 (3.8)

10 373 (5.8)

0.63 (0.61-0.65)
0.71 (0.68-0.74)
0.72 (0.68-0.75)

357 228

1697 (1.1)

5799 (3.2)

0.33 (0.32-0.35)
0.36 (0.33-0.39)
0.36 (0.33-0.40)
0.1

Favors
Supraglottic
Airway

1.0

5

Odds Ratio (95% CI)

Full models for the primary outcome analysis are included in eTable 2.
a For all odds ratios, P⬍.001.
b Selected variables are a predefined set of potential confounders including age, sex, cause of cardiac arrest, first documented rhythm, bystander witness, type of
cardiopulmonary resuscitation (CPR) initiated by a bystander, use of public access automated external defibrillator by bystander, epinephrine administration, time from
receipt of call to CPR by emergency medical service, and time from receipt of call to hospital arrival.
c All variables included all covariates in Table 1 and variables for 47 prefectures in Japan.
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cessful endotracheal intubation or supraglottic airway placement only. Thus,
in our study, failed advanced airway
management cases reverted to and were
classified as bag-valve-mask ventilation cases. This would have biased our
conclusions toward the null.
Another limitation is that our analysis of a nationwide population-based cohort describes that in Japan only. Similar studies with data from other
countries may result in different findings. In particular, one might hypothesize that training of airway management for Japanese EMS personnel is
relatively suboptimal, resulting in poor
outcomes. However, the certification
process for EMS personnel credentialed to perform endotracheal intubation in Japan is stricter than that in other
countries. Indeed, the national paramedic curriculum in the United States
requires students to perform 5 successful endotracheal intubations to graduate; 25 successful intubations are required in the United Kingdom and 30
are required in Japan. 37-39 Furthermore, existing literature suggests that
intubation proficiency is attained by
EMS personnel after 15 to 20 successful endotracheal intubations (predicted intubation success threshold of
90%).40 This would serve not to reduce the potential generalizability of our
inference to other settings.
Finally, as with all epidemiological
studies, data integrity, validity, and ascertainment bias are potential limitations. The use of uniform data collection on the basis of Utstein-style
guidelines for reporting cardiac arrest, large sample size, and a populationbased design were intended to minimize these potential sources of biases.
This large, nationwide, populationbased cohort study showed that CPR
with prehospital advanced airway management, whether endotracheal intubation or supraglottic airways, was independently associated with a decreased
likelihood of favorable neurological outcome compared with conventional bagvalve-mask ventilation among adults
with OHCA. Our observations contradict the assumption that aggressive air-

way intervention is associated with improved outcomes and provide an
opportunity to reconsider the approach to prehospital airway management in this population.
Author Contributions: Dr Hasegawa had full access
to all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Hasegawa, Brown.
Acquisition of data: Hasegawa, Hiraide.
Analysis and interpretation of data: Hasegawa, Chang,
Brown.
Drafting of the manuscript: Hasegawa.
Critical revision of the manuscript for important intellectual content: Hasegawa, Hiraide, Chang, Brown.
Statistical analysis: Hasegawa, Chang.
Obtaining funding: Hiraide.
Administrative, technical, or material support: Brown.
Study supervision: Hasegawa, Hiraide, Brown.
Conflict of Interest Disclosures: All authors have completed and submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest and none were reported.
Funding/Support: This study was supported by a grant
to Dr Hiraide for emergency management scientific
research from the Fire and Disaster Management
Agency.
Role of the Sponsor: The Fire and Disaster Management Agency gathered and managed the data but had
no role in the design and conduct of the study; analysis and interpretation of the data; or preparation, review, or approval of the manuscript.
Disclaimer: The article contents are solely the responsibility of the authors and do not necessarily represent the official views of the Fire and Disaster Management Agency.
Online-Only Material: eTables 1 and 2 are available
at http://www.jama.com.
Additional Contributions: We thank all of the EMS
personnel and physicians in Japan and the Fire and Disaster Management Agency and Institute for Fire Safety
and Disaster Preparedness of Japan for their generous cooperation in establishing and maintaining the
Utstein database. We also thank Carlos A. Camargo
Jr, MD, DrPH, Massachusetts General Hospital, for critical revision of the manuscript. No compensation was
made for his role in this study.
REFERENCES
1. Roger VL, Go AS, Lloyd-Jones DM, et al; American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Heart disease and stroke statistics—2012 update: a report from the American Heart
Association. Circulation. 2012;125(1):e2-e220.
2. Field JM, Hazinski MF, Sayre MR, et al. Executive
summary: 2010 American Heart Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2010;122
(18)(suppl 3):S640-S656.
3. Rea TD, Eisenberg MS, Becker LJ, Murray JA, Hearne
T. Temporal trends in sudden cardiac arrest: a 25year emergency medical services perspective.
Circulation. 2003;107(22):2780-2785.
4. Nichol G, Thomas E, Callaway CW, et al. Regional
variation in out-of-hospital cardiac arrest incidence and
outcome. JAMA. 2008;300(12):1423-1431.
5. McNally B, Robb R, Mehta M, et al. Out-ofhospital cardiac arrest surveillance—Cardiac Arrest Registry to Enhance Survival (CARES), United States, October 1, 2005–December 31, 2010. MMWR Surveill
Summ. 2011;60(8):1-19.
6. Berg RA, Hemphill R, Abella BS, et al. Adult basic
life support: 2010 American Heart Association guidelines for cardiopulmonary resuscitation and emer-

©2013 American Medical Association. All rights reserved.

Downloaded from jama.jamanetwork.com by guest on 02/16/2019

gency cardiovascular care. Circulation. 2010;122
(18)(suppl 3):S685-S705.
7. Wang HE, Yealy DM. Out-of-hospital endotracheal intubation: where are we? Ann Emerg Med. 2006;
47(6):532-541.
8. Gausche M, Lewis RJ, Stratton SJ, et al. Effect of
out-of-hospital pediatric endotracheal intubation on
survival and neurological outcome: a controlled clinical trial. JAMA. 2000;283(6):783-790.
9. Hanif MA, Kaji AH, Niemann JT. Advanced airway management does not improve outcome of outof-hospital cardiac arrest. Acad Emerg Med. 2010;
17(9):926-931.
10. Studnek JR, Thestrup L, Vandeventer S, et al. The
association between prehospital endotracheal intubation attempts and survival to hospital discharge
among out-of-hospital cardiac arrest patients. Acad
Emerg Med. 2010;17(9):918-925.
11. Nagao T, Kinoshita K, Sakurai A, et al. Effects of
bag-mask vs advanced airway ventilation for patients undergoing prolonged cardiopulmonary resuscitation in pre-hospital setting. J Emerg Med. 2012;
42(2):162-170.
12. Shin SD, Ahn KO, Song KJ, Park CB, Lee EJ. Outof-hospital airway management and cardiac arrest outcomes: a propensity score matched analysis.
Resuscitation. 2012;83(3):313-319.
13. Egly J, Custodio D, Bishop N, et al. Assessing the
impact of prehospital intubation on survival in outof-hospital cardiac arrest. Prehosp Emerg Care. 2011;
15(1):44-49.
14. Wang HE, Szydlo D, Stouffer JA, et al. Endotracheal intubation vs supraglottic airway insertion in outof-hospital cardiac arrest. Resuscitation. 2012;
83(9):1061-1066.
15. Neumar RW, Otto CW, Link MS, et al. Adult advanced cardiovascular life support: 2010 American
Heart Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care.
Circulation. 2010;122(18)(suppl 3):S729-S767.
16. Lecky F, Bryden D, Little R, Tong N, Moulton C.
Emergency intubation for acutely ill and injured
patients. Cochrane Database Syst Rev. 2008;(2):
CD001429.
17. Jacobs I, Nadkarni V, Bahr J, et al; International
Liaison Committee on Resuscitation; American Heart
Association; European Resuscitation Council; Australian Resuscitation Council; New Zealand Resuscitation Council; Heart and Stroke Foundation of Canada;
InterAmerican Heart Foundation; Resuscitation Councils of Southern Africa; ILCOR Task Force on Cardiac
Arrest and Cardiopulmonary Resuscitation Outcomes.
Cardiac arrest and cardiopulmonary resuscitation outcome reports: update and simplification of the Utstein templates for resuscitation registries: a statement for healthcare professionals from a task force of
the International Liaison Committee on Resuscitation (American Heart Association, European Resuscitation Council, Australian Resuscitation Council, New
Zealand Resuscitation Council, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation,
Resuscitation Councils of Southern Africa). Circulation.
2004;110(21):3385-3397.
18. Cummins RO, Chamberlain DA, Abramson NS,
et al. Recommended guidelines for uniform reporting of data from out-of-hospital cardiac arrest: the
Utstein style: a statement for health professionals
from a task force of the American Heart Association, the European Resuscitation Council, the Heart
and Stroke Foundation of Canada, and the Australian Resuscitation Council. Circulation. 1991;84
(2):960-975.
19. Zaritsky A, Nadkarni V, Hazinski MF, et al. Recommended guidelines for uniform reporting of pediatric advanced life support: the pediatric Utstein style:
a statement for healthcare professionals from a task
force of the American Academy of Pediatrics, the
American Heart Association, and the European ReJAMA, January 16, 2013—Vol 309, No. 3 265

PREHOSPITAL ADVANCED AIRWAY MANAGEMENT FOR OUT-OF-HOSPITAL CARDIAC ARREST
suscitation Council. Circulation. 1995;92(7):20062020.
20. 2010 Population Census of Japan. Tokyo: Japan
Statistical Association; 2011.
21. Hagihara A, Hasegawa M, Abe T, Nagata T,
Wakata Y, Miyazaki S. Prehospital epinephrine use and
survival among patients with out-of-hospital cardiac
arrest. JAMA. 2012;307(11):1161-1168.
22. Japanese Guidelines for Emergency Care and Cardiopulmonary Resuscitation 2010. Tokyo, Japan:
Health Shuppansha; 2010.
23. ECC Committee, Subcommittees, and Task Forces
of the American Heart Association. 2005 American
Heart Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care.
Circulation. 2005;112(24)(suppl):IV1-IV203.
24. Ambulance Service Planning Office of Fire and Disaster Management Agency of Japan. Airway Management With Endotracheal Intubation by Emergency Life Saving Technicians . 2004. http://www
.mhlw.go.jp/shingi/2009/03/dl/s0325-12g_0001
.pdf. Accessed July 10, 2012.
25. Parsons LS. Reducing Bias in a Propensity Score
Matched-Pair Sample Using Greedy Matching
Techniques. http://www2.sas.com/proceedings
/sugi26/p214-26.pdf. Accessed July 10, 2012.
26. Wang HE, Lave JR, Sirio CA, Yealy DM. Paramedic intubation errors: isolated events or symptoms
of larger problems? Health Aff (Millwood). 2006;
25(2):501-509.

266

27. Abo BN, Hostler D, Wang HE. Does the type of
out-of-hospital airway interfere with other cardiopulmonary resuscitation tasks? Resuscitation. 2007;
72(2):234-239.
28. Hoyle JD Jr, Jones JS, Deibel M, Lock DT,
Reischman D. Comparative study of airway management techniques with restricted access to patient
airway. Prehosp Emerg Care. 2007;11(3):330336.
29. Nickel EA, Timmermann A, Roessler M, Cremer
S, Russo SG. Out-of-hospital airway management with
the LMA CTrach—a prospective evaluation.
Resuscitation. 2008;79(2):212-218.
30. Pitts S, Kellermann AL. Hyperventilation
during cardiac arrest. Lancet. 2004;364(9431):
313-315.
31. Aufderheide TP, Lurie KG. Death by hyperventilation: a common and life-threatening problem during cardiopulmonary resuscitation. Crit Care Med.
2004;32(9)(suppl):S345-S351.
32. Kilgannon JH, Jones AE, Shapiro NI, et al; Emergency Medicine Shock Research Network Investigators.
Association between arterial hyperoxia following resuscitation from cardiac arrest and in-hospital mortality.
JAMA. 2010;303(21):2165-2171.
33. Ferguson LP, Durward A, Tibby SM. Relationship between arterial partial oxygen pressure after resuscitation from cardiac arrest and mortality in children.
Circulation. 2012;126(3):335-342.
34. Stiell IG, Wells GA, Field B, et al; Ontario Prehos-

JAMA, January 16, 2013—Vol 309, No. 3

Downloaded from jama.jamanetwork.com by guest on 02/16/2019

pital Advanced Life Support Study Group. Advanced
cardiac life support in out-of-hospital cardiac arrest.
N Engl J Med. 2004;351(7):647-656.
35. Thomas MJ, Benger J. Prehospital intubation in
cardiac arrest: the debate continues. Resuscitation.
2011;82(4):367-368.
36. Wang HE, Yealy DM. How many attempts are required to accomplish out-of-hospital endotracheal
intubation? Acad Emerg Med. 2006;13(4):372377.
37. National Highway Traffic Safety Administration.
Emergency Medical Technician Paramedic: National
Standard Curriculum (EMT-P). http://icsw.nhtsa
.gov/people/injury/ems/emt-p/. Accessed July 10,
2012.
38. Institute of Healthcare Development Training Requirement for Endotracheal Intubation: Joint Recommendation From AETAG/JRCALC Airway Group. 2008.
http://jrcalc.org.uk/guidelines.html. Accessed July 10,
2012.
39. Ambulance Service Planning Office of Fire and Disaster Management Agency of Japan. Airway Management With Endotracheal Intubation by Emergency Life Saving Technicians. http://www.fdma.go
.jp/emergency_rescue/kyukyu_kyujo_tuchi/2011
/20110801-1.pdf. Accessed July 10, 2012.
40. Wang HE, Balasubramani GK, Cook LJ, Lave JR,
Yealy DM. Out-of-hospital endotracheal intubation
experience and patient outcomes. Ann Emerg Med.
2010;55(6):527-537.

©2013 American Medical Association. All rights reserved.

